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The recent publication by Lynøe et al. [1] provides an opportu-
nity to debate the diagnosis of abusive head trauma in scientific
journals instead of behind the (often closed) doors of the court-
room. The Swedish Agency for Health Technology Assessment
and Assessment of Social Services (SBU) report [2] casts doubt
on the quality of the evidence of shaken baby syndrome, is cited
in the FrenchWikipedia and has already been cited in court. The
new report raises major medical concern because it may already
have disrupted efforts to protect vulnerable children. Shaking is
repeated in more than half of reported cases of abusive head
trauma, and more than one child in the same family or house-
hold may be injured by the same perpetrator(s) in these cases.
Recent efforts to cast unwarranted doubt on the medical fact that
the diagnostic triad (subdural hematoma, cerebral edema and
retinal hemorrhages) can reliably be associated with abusive
head trauma may have catastrophic consequences. It should be
noted that in contrast to the inexplicably narrow focus of the
SBU panel, pediatric radiologists consider shaking as a possible
— but not the only — form of physical abuse. As physicians,
we do not diagnose shaking, we diagnose abuse. Neither do we
diagnose the triad — which is a lawyer-created name for a
constellation of medical findings that may have multiple gener-
ally possible causes but that in any specific case helps physicians
who treat and diagnose infants and children to determine the
most medically plausible explanation for head trauma injuries.
The paper by Lynøe et al. [1] constitutes a summary of the
published SBU report of 2016 completed by the same authors
[2]. The review states that, “In cases of suspected traumatic
shaking, the diagnosis has conventionally been based on three
findings, referred to collectively as the triad, namely: subdural
hematoma (SDH) (bleeding between the dura mater and the
brain), retinal hemorrhages, and various forms of brain symp-
toms (encephalopathy).” This statement is both inaccurate and
misleading. Although findings that include subdural hemato-
ma, retinal hemorrhages, and various forms of brain symp-
toms (encephalopathy) would be sufficient for any physician
to consider abuse, in most papers dealing with this topic (and
all cases in clinical practice), an abuse diagnosis relies upon
careful review of all available data, often including data iden-
tified and assessed by a dedicated multidisciplinary team, a
constellation of imaging findings in the brain, bones, neck,
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spine and abdomen, fundoscopic findings, interviews with
caregivers, forensic data (including postmortem studies), the
presence of additional or previous injuries to the child or sib-
lings, the presence of other malicious injury (e.g., burns, bite
marks) and exclusion of underlying diseases and accidental
injury. This rigorous diagnostic approach is in accordance
with the recently published review of guidelines for the inves-
tigation of a child suspected of being physically abused [3].
In addition to their misleading characterization of the triad as
the sole basis for every abusive head trauma diagnosis, Lynøe
et al. [1] rely on an artificially constrained gold standard for abuse
that requires that the inflicted injury be: "admitted or witnessed
traumatic shaking or other trauma." Their use of the term “other
trauma” as part of their self-defined diagnostic gold standard is
nebulous. More specifically, the omission of a detailed definition
of “other trauma” creates additional confusion and doubt about
their methods and conclusions.
The problems created by the insertion of a new narrow diag-
nostic gold standard are compounded by the authors’ skepticism
regarding confession evidence, which they deem to have a high
risk of bias. According to Lynøe et al. [1]: “Confessions are
difficult to obtain and may not always be reliable.” Numerous
papers dealing with abuse in the medical literature include cases
accompanied by confessions or convictions by a coroner/judicial
professionals, based on the combination of evidence and its sci-
entific plausibility and consistency [4–12]. However, Lynøe et al.
[1] simply decided to reject all but two of these papers [11, 12]
because they deemed the bulk of themedico-legal literature— in
which confession evidence consistent with medical findings
helped to confirm the diagnosis of abuse— to be of low quality.
According to the authors, these papers were excluded from their
meta-analysis because there were no detailed descriptions of the
circumstances of the confessions [4–10]. The authors also ig-
nored papers describing forensic pathology findings in fatally
abused children, where confessions were available, because they
deemed this research to be of low quality, despite the fact that
physicians generally accept forensic pathology research to be a
genuine gold standard of empirical science [9, 13–15].
According to the authors, only a single paper [12] had an accept-
able control group for inclusion in their study.
For obvious reasons, witnessed or videotaped abuse and
fully detailed confessions are very rarely available to be in-
cluded in the medical literature or as a part of clinical practice.
In fact, this is partially explained by the papers rejected by
Lynøe et al. [1], which show that perpetrators often underes-
timate the degree of injury (most likely because they recognize
the socially reprehensible nature of the act or in an attempt to
limit their criminal punishment) [16, 17]. As global evidence-
gathering efforts continue to improve, overlapping injury pat-
terns and consistent after-the-fact statements from perpetrators
will continue to demonstrate that confession evidence can help
to establish the cause of inflicted head injuries [4–12, 16–23],
including one case in which the medical evidence for shaking
is compelling and the details of how the confession was made
are provided in stark detail [21].
Given the difficulty of obtaining confessional evidence,
Lynøe et al. [1] rejected the obvious and more appropriate
methodology for their study — the use of a control group
cohort of children with one or more components of the triad,
who were given other diagnoses (e.g., accidental injury, infec-
tion,metabolic conditions). Radiologists do not conclude abuse
merely because of the presence of the triad. Other conditions
are always excluded either before or following referral to the
child protection team. The SBU methodology is fatally prob-
lematic because it disregards this basic but essential component
of the diagnostic process. The authors’ failure to recognize
these analytic flaws may be the result of the lack of expertise
among the SBU panel when it comes to evaluating these cases.
The SBU methodology purports to rely solely on a cohort of
children with triad findings who were referred to a child pro-
tection team, but the authors totally ignore every child who
presented with any component of the triad but were not referred
to a child protection team (Table 1 in the SBU report [2]).
We also have doubts regarding the validity of the population,
index test, reference test/gold standard and outcome (PIRO) as
implemented by Lynøe et al. [1]; P (children ≤12months of age),
I (the triad in cases of suspected traumatic shaking), R (admitted
or witnessed traumatic shaking or other trauma) and O (diagnos-
tic accuracy). We are curious as to how the authors assessed the
diagnostic accuracy of the index test (triad) and reference test
(confession)— i.e. what was the reference used? If the question
is how reliable is the triad in detecting shaking, then we believe a
more robust PIRO would be P (children ≤12 months of age), I
(the triad in cases of suspected traumatic shaking), R (the triad in
cases of diagnoses other than suspected traumatic shaking), O
(confession of shaking) [24]. This would identify critical infor-
mation, i.e. howmany cases of confessed shaking do not result in
the triad or any of its components.
In practice, radiologists do not distinguish shaking from
abuse, per se, and do not isolate intracranial from other injuries
(e.g., metaphyseal and rib fractures). In fact, a radiologist, oph-
thalmologist, forensic pathologist or pediatrician who would de-
liberately blind himself/herself to relevant medical information
would be unable to meet the standard of care. Despite this fact,
Lynøe et al. [1] rejected 28 relevant papers [4–10, 13–15, 25–42]
because they were deemed to be scientifically limited or insuffi-
cient regarding the diagnostic accuracy of the triad in the identi-
fication of traumatic shaking. These papers were rejected despite
the fact that many [5–8, 10, 14, 25–34, 36–42] included children
with injuries at multiple sites, the combination of which would
cause any practicing radiologist to suspect abuse. According to
the authors, these paperswere unworthy of consideration because
they purportedly included risk of circularity, lack of confessed
cases, mixed groups of confessed and verdict-diagnosed cases,
and selection and group allocation bias. Notably, this critique
appears to have been directly borrowed from the lawyers and
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law professors who defend individuals accused of child abuse:
“The validity of the research, therefore, depends entirely on
whether researchers are accurately identifyingwhich cases reflect
abuse and which do not. But often the very diagnostic signs that
are used to sort cases into these two categories are the same signs
that the studies are purporting to measure; the research suffers
from a circularity problem. As a consequence, most studies prob-
ably over-count the number of cases that are intentional, that are
inflicted abuse. That is to say, the studies suffer from selection
bias, observer bias, or both” [43].
The panel composition, search strategy, methodology, objec-
tivity, transparency, accuracy, use of the generic term “retinal
hemorrhage” without further descriptions of diagnostic signifi-
cance and lack of explanations regarding the inclusion and ex-
clusion criteria that Lynøe et al. [1] relied upon have already been
the subject of some debate [44–48]. This may have been antici-
pated by the authors who twice caution, "It is important to note
that limited evidence for the reliability of a method or an effect
does not imply complete lack of scientific support” [1]. This
suggests that they accept that the triad and therefore its compo-
nents can be reliably associated with traumatic shaking [1]. Of
note, they do not concede this in their review paper and only
repeat their views regarding the diagnostic accuracy of the triad
in the identification of shaking (which their methodology has not
addressed).
Finally, in an attempt "to determine the diagnostic accuracy of
the triad in detecting that an infant has been violently shaken" [1]
and "to determine how reliably the triad or its components can be
explained by traumatic shaking of children up to one year of age"
the authors failed to incorporate the article of Biron and Shelton
[23], who described this association in confessed cases of shak-
ing. Additionally, Barlow et al. [25] described a child who pre-
sented with “the triad” alone, was sent home and later presented
withmetaphyseal fractures and bruising of the buttocks (case 9 of
that report). These cases appear sufficient to support the assump-
tion that when “the triad” is present, abuse needs to be excluded.
This also supports our impression that the questions posed were
not answered using the methodological approach employed by
the review and set out in the SBU report (described as PIRO).
The SBU report raises the following issues: the need for col-
laboration among health specialists and judicial professionals;
and the need for gathering detailed descriptions/information on
imaging, funduscopic appearances, forensic data, presenting his-
tory, caretaker interviews, and medical data of children abused
beyond any doubt, that is based on reliable and detailed confes-
sions, and storing these in an international databank for research,
training and medico-legal purposes.
We welcome the call for future research and international
coordination and recommend that we start by developing
consensus-based definitions and pro forma for uniform recording
of data associated with abuse. This will go some way to stan-
dardizing the conduct and reporting of research in this field.
Meanwhile, radiologists should remain vigilant in their daily
practice. Small subdural collections, imaging evidence of brain
edema, ischemia, hemorrhagic lesions inside the brain, hemato-
mas in the soft tissues, skull fractures and spinal abnormalities
should all be carefully looked for, documented and reported in
detail together with other evidence of disease or trauma else-
where, ensuring an unbiased approach to the identification and
recording of medical evidence supporting either abuse or alter-
native diagnoses.
“Don't throw the baby out with the bathwater” is an idio-
matic expression and a concept used to suggest an avoidable
error in which something good is eliminated when trying to
get rid of something bad, or in other words, rejecting the
essential along with the inessential [49]. The idiom is applica-
ble when someone might throw out the baby and keep the
bathwater [50].
The SBU report, possibly attempting to protect people
falsely accused of perpetrating abuse, is likely to achieve an
unacceptable end: providing lawyers with new ammunition to
question valid scientific data. As shown, this ammunition re-
lies on a methodologically flawed review of the evidence and
on the exclusion of all information inconsistent with the con-
clusions set forth by Lynøe et al. [1]. As recently stated by
Judge Richard L. Bucher of the New York Supreme Court,
“the anti-SBS diagnosis” is espoused only by a distinct minor-
ity of physicians who believe “that the only way to respond to
medical evidence was to present counter medical opinions”
with “no weighing of the strengths and weaknesses of the
different strategies on the basis of the medical and other evi-
dence” [51]. This is the approach of the SBU report, which left
unchecked will result in failure to protect abused and vulner-
able children.
Compliance with ethical standards
Conflicts of interest None
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
1. Lynøe N, Elinder G, Hallberg B et al (2017) Insufficient evidence
for 'shaken baby syndrome' — a systematic review. Acta Paediatr
106:1021–1027
2. Swedish Agency for Health Technology Assessment and Assessment
of Social Services (SBU) (2016) Traumatic shaking— the role of the
triad in medical investigations of suspected traumatic shaking: a sys-
tematic review SBU assessment report no 255E. http://www.sbu.se/
contentassets/09cc34e7666340a59137ba55d6c55bc9/traumatic_
shaking_2016.pdf. Accessed 14 June 2017
3. Berkowitz CD (2017) Physical abuse of children. N Engl J Med
376:1659–1666
Pediatr Radiol
4. Adamo MA, Drazin D, Smith C et al (2009) Comparison of acci-
dental and nonaccidental traumatic brain injuries in infants and
toddlers: demographics, neurosurgical interventions, and outcomes.
J Neurosurg Pediatr 4:414–419
5. Biousse V, Suh DY, Newman NJ et al (2002) Diffusion-weighted
magnetic resonance imaging in shaken baby syndrome. Am J
Ophthalmol 133:249–255
6. Jenny C, Hymel KP, Ritzen A et al (1999) Analysis of missed cases
of abusive head trauma. JAMA 281:621–626
7. Keenan HT, Runyan DK, Marshall SW et al (2004) A population-
based comparison of clinical and outcome characteristics of young
children with serious inflicted and noninflicted traumatic brain in-
jury. Pediatrics 114:633–639
8. Kemp AM, Stoodley N, Cobley C et al (2003) Apnoea and brain
swelling in non-accidental head injury. Arch Dis Child 88:472–476
9. Munger CE, Peiffer RL, Bouldin TWet al (1993) Ocular and asso-
ciated neuropathologic observations in suspected whiplash shaken
infant syndrome. A retrospective study of 12 cases. Am J Forensic
Med Pathol 14:193–200
10. Wells RG, Vetter C, Laud P (2002) Intracranial hemorrhage in chil-
dren younger than 3 years: prediction of intent. Arch Pediatr
Adolesc Med 156:252–257
11. Adamsbaum C, Grabar S, Mejean N et al (2010) Abusive head
trauma: judicial admission highlight violent and repetitive shaking
126:546–555
12. Vinchon M, de Foort-Dhellemmes S, Desurmont M et al (2010)
Confessed abuse versus witnessed accidents in infants: comparison
of clinical, radiological, and ophthalmological data in corroborated
cases. Childs Nerv Syst 26:637–645
13. Alexander R, Sato Y, Smith W et al (1990) Incidence of impact
trauma with cranial injuries ascribed to shaking. Am J Dis Child
144:724–726
14. Sieswerda-Hoogendoorn T, Robben SGF, Karst WA et al (2014)
Abusive head trauma: differentiation between impact and non-
impact cases based on neuroimaging findings and skeletal surveys.
Eur J Radiol 83:584–588
15. Shannon P, Smith CR, Deck J et al (1998) Axonal injury and the
neuropathology of shaken baby syndrome. Acta Neuropathol 95:
625–631
16. Starling SP, Patel S, Burke BL et al (2004) Analysis of perpetrator
admissions to inflicted traumatic brain injury in children. Arch
Pediatr Adolesc Med 158:454–458
17. De Leeuw M, Beuls E, Parizel P et al (2013a) Confessed abusive
blunt head trauma. Am J Forensic Med Pathol 342:130–132
18. De Leeuw M, Beuls EA, Jorens PG et al (2013b) History of an
abusive head trauma including a lucid interval and a retinal hemor-
rhage is most likely false. Am J Forensic Med Pathol 34:271–276
19. Gilliland MG (1998) Interval duration between injury and severe
symptoms in nonaccidental head trauma in infants and young chil-
dren. J Forensic Sci 43:723–725
20. Bartschat S, Richter C, Stiller D et al (2016) Long term outcome in
a case of shaken baby syndrome. Med Sci Law 56:147–149
21. Bell E, Levin A, ShouldiceM (2011) A perpetrator confesses. Child
Abuse Negl 35:74–77
22. Reijneveld SA, van der Wal MF, Brugman E et al (2004) Infant
crying and abuse. Lancet 364:1340–1342
23. BironD, Shelton D (2005) Perpetrator accounts in infant abusive head
traumabroughtaboutbyashakingevent.ChildAbuseNegl29:1347–1358
24. Farrugia P, Petrisor BA, Farrokhyar F et al (2010) Practical tips for
surgical research: research questions, hypotheses and objectives.
Can J Surg 53:278–281
25. Barlow KM, Gibson RJ, McPhillips M et al (1999) Magnetic reso-
nance imaging in acute non-accidental head injury. Acta Paediatr
88:734–740
26. Chabrol B, Decarie JC, Fortin G (1999) The role of cranial MRI in
identifying patients suffering from child abuse and presenting with
unexplained neurological findings. Child Abuse Negl 23:217–228
27. Chen CY, Huang CC, Zimmerman RA et al (2001) High resolution
cranial ultrasound in the shaken-baby syndrome. Neuroradiology
43:653–661
28. Dashti SR, Decker DD, Razzaq A et al (1999) Current patterns of
inflicted head injury in children. Pediatr Neurosurg 31:302–306
29. Feldman KW, Bethel R, Shugerman RP et al (2001) The cause of
infant and toddler subdural hemorrhage: a prospective study.
Pediatrics 108:636–646
30. Haviland J, Russell RI (1997) Outcome after severe non-accidental
head injury. Arch Dis Child 77:504–507
31. Holloway M, Bye AM, Moran K (1994) Non-accidental head inju-
ry in children. Med J Aust 160:786–789
32. Hoskote A, Richards P, Anslow P et al (2002) Subdural haematoma
in non-accidental head injury in children. Childs Nerv Syst 18:311–
317
33. Kelly P, Hayes I (2004) Infantile subdural haematoma in Auckland,
New Zealand: 1988–1998. N Z Med J 117:U1047
34. Lee AC, So KT, Fong D et al (1999) The shaken baby syndrome:
review of 10 cases. Hong Kong Med J 5:337–341
35. Mills M (1998) Fundoscopic lesions associated with mortality in
shaken baby syndrome. J AAPOS 2:67–71
36. Morad Y, Kim YM, Armstrong DC et al (2002) Correlation be-
tween retinal abnormalities and intracranial abnormalities in the
shaken baby syndrome. Am J Ophthalmol 134:354–359
37. Myhre MC, Grogaard JB, Dyb GA et al (2007) Traumatic head
injury in infants and toddlers. Acta Paediatr 96:1159–1163
38. Pierre-Kahn V, Roche O, Dureau P et al (2003) Ophthalmologic
findings in suspected child abuse victims with subdural hematomas.
Ophthalmology 110:1718–1723
39. Pitetti RD, Maffei F, Chang K et al (2002) Prevalence of retinal
hemorrhages and child abuse in children who present with an ap-
parent life-threatening event. Pediatrics 110:557–562
40. Rao P, Carty H, Pierce A (1999) The acute reversal sign: compar-
ison of medical and non-accidental injury patients. Clin Radiol 54:
495–501
41. Riffenburgh RS, Sathyavagiswaran L (1991) Ocular findings at
autopsy of child abuse victims. Ophthalmology 98:1519–1524
42. Shugerman RP, Paez A, Grossman DC et al (1996) Epidural hem-
orrhage: is it abuse? Paediatrics 97:664–668
43. Findley K (2012) Examining shaken baby syndrome convictions in
light of new medical scientific research. Oklahoma City Univ Law
Rev 37:219
44. Levin AV (2017) The SBU report: a different view. Acta Paediatr
106:1037–1039
45. Bilo RAC, Banaschak S, Herrmann B et al (2017) Using the table in
the Swedish review on shaken baby syndrome will not help courts
deliver justice. Acta Paediatr 106:1043–1045
46. Narang SK, Greeley CS (2017) Lynøe et al. - #theRestoftheStory.
Acta Paediatr. doi: 10.1111/apa.13858
47. Hellgren K, Hellström A, Hård AL et al (2017) The new Swedish
report on shaken baby syndrome is misleading. Acta Paediatr 106:
1040
48. Lucas S, Bärtås A, Bonamy AE et al (2017) The way forward in
addressing abusive head trauma in infants — current perspectives
from Sweden. Acta Paediatr 106:1033–1035
49. Wikipedia (2017) https://en.wikipedia.org/wiki/Don't_throw_the_
baby_out_with_the_bathwater. Accessed 14 June 2017
50. Nichols JO (1995) Assessment case studies: common issues in
implementation with various campus approaches to resolution, 1st
edn. Agathon Press, Bronx, p 16
51. Memorandium, (n.d.) Supreme Court of the state of New York, 399
report by Richard L. Butcher dated May 25, 2017
Pediatr Radiol
